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Ëàçåðíûå èíòåðôåðîìåòðû-äåôîðìîãðàôû � óíèêàëüíûå ïðèáîðû, ñóùåñòâóþùèå â
øòó÷íûõ ýêçåìïëÿðàõ è ïîçâîëÿþùèå âåñòè íàáëþäåíèÿ çà äåôîðìàöèåé ïðèïîâåðõíîñò-
íûõ ïîðîä ñ âûñîêîé òî÷íîñòüþ, ïîðÿäêà 10−11−−10−12 ì äëÿ ëó÷øèõ îáðàçöîâ [1]. Îñíîâ-
íûå îòëè÷èÿ ýòèõ ïðèáîðîâ ñîñòîÿò â ñèñòåìå ðåãèñòðàöèè èíòåðôåðåíöèîííîãî ñèãíàëà.
Íà ðèñ. 1 ïðåäñòàâëåíà ñòðóêòóðíàÿ ñõåìà ïðåäëîæåííîé ñèñòåìû ðåãèñòðàöèè èíòåðôå-
ðåíöèîííîãî ñèãíàëà ëàçåðíîãî äåôîðìîãðàôà.

Ðèñ. 1. Ñòðóêòóðíàÿ ñõåìà ñèñòåìû ðåãèñòðàöèè èíòåðôåðåíöèîííîãî ñèãíàëà ëàçåðíîãî
äåôîðìîãðàôà. 1,2 � Ôîòîäèîäû; 3 � Âõîäíîé çðà÷îê; 4 � Çåðêàëî ñ ïåðèîäè÷åñêîé ñòðóê-
òóðîé; 5 � Ñèñòåìà óïðàâëåíèÿ; 6 � Øàãîâûé äâèãàòåëü; 7 � Ðåãèñòðèðóþùàÿ àïïàðàòóðà;
8,9 � Ëèíçû.

Çåðêàëî ñ ïåðèîäè÷åñêîé ñòðóêòóðîé îòðàæàþùèõ è ïðîïóñêàþùèõ ïîëîñ 4 âûïîëíåíî
â ñîîòâåòñòâèè ñ èíòåðôåðåíöèîííîé êàðòèíîé, êîòîðàÿ îïèñûâàåòñÿ èçâåñòíûì âûðàæå-
íèåì (1).
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ãäå I1,I2 � èíòåíñèâíîñòü èíòåðôåðèðóþùèõ ïó÷êîâ. L1,L2 � îïòè÷åñêàÿ äëèíà ïóòè
ïåðâîãî è âòîðîãî ïëå÷à. λ � äëèíà âîëíû èçëó÷åíèÿ.

Ñòðóêòóðà òàêîãî çåðêàëà ïîêàçàíà íà ðèñ. 2.
Òåìíûìè ïîëîñàìè íà ðèñ.2 ïîêàçàíà îòðàæàþùàÿ ïîâåðõíîñòü. Â äàííîì ïîëîæåíèè

çåðêàëî îáåñïå÷èâàåò ïðîïóñêàíèå 50% âñåãî ïîòîêà, îñòàëüíûå 50% îòðàæàþòñÿ îò íåãî.
Ïðè ñìåùåíèè ïîëîñ èíòåðôåðåíöèîííîé êàðòèíû îòíîøåíèå ïðîøåäøåãî è îòðàæåííîãî
ïîòîêîâ èçìåíèòñÿ.

Ïðîìîäóëèðîâàííûé ñâåòîâîé ïîòîê ïîïàäàåò ÷åðåç âõîäíîé çðà÷îê 3 íà çåðêàëî 4, ãäå
äåëèòñÿ íà 2 ïó÷êà, êîòîðûå ôîêóñèðóåòñÿ ëèíçàìè 8,9 íà ôîòîäèîäû 1,2. Íà ôîòîäèîäàõ
âûðàáàòûâàþòñÿ ñèãíàëû îäèíàêîâîé àìïëèòóäû â ñëó÷àå âûøåîïèñàííîãî ïîëîæåíèÿ
çåðêàëà îòíîñèòåëüíî èíòåðôåðåíöèîííûõ ïîëîñ. Åñëè êàðòèíà ñìåùàåòñÿ, àìïëèòóäû
èçìåíÿþòñÿ. Ðàçíîñòü ýòèõ àìïëèòóä ÿâëÿåòñÿ âûõîäíûì ñèãíàëîì.

Íà ðèñ. 3 ïðåäñòàâëåíà áëîê-ñõåìà ñèñòåìû ðåãèñòðàöèè ñèãíàëà.
Ñèãíàëû îò ôîòîäèîäîâ ÔÄ1 è ÔÄ2 èäóò íà äèôôåðåíöèàëüíûé îïåðàöèîííûé óñè-

ëèòåëü ÄÓ, âûïîëíÿþùèé ðàçíîñòü ýòèõ ñèãíàëîâ è óñèëåíèå. Çàòåì ýòîò ñèãíàë èäåò íà
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Ðèñ. 2. Ñòðóêòóðà ïåðèîäè÷åñêîãî çåðêàëà (ñíèçó) è ðàñïðåäåëåíèå èíòåíñèâíîñòè ñâåòà
â èíòåðôåðåíöèîííîé êàðòèíå (ñâåðõó).

Ðèñ. 3. Áëîê-ñõåìà ñèñòåìû ðåãèñòðàöèè ñèãíàëà. ÔÄ1, ÔÄ2 � Ôîòîäèîäû; ÄÓ � Äèô-
ôåðåíöèàëüíûé îïåðàöèîííûé óñèëèòåëü; ÑÄ � Ñèíõðîííûé äåòåêòîð; ÃÎ× � Ãåíåðàòîð
îïîðíîé ÷àñòîòû; ∆φ � Ôàçîâðàùàòåëü; ÓÌ � Óñèëèòåëü ìîùíîñòè; ÏÊ � ïüåçîêåðàìèêà;
RC � Ñãëàæèâàþùàÿ RC-öåïî÷êà; ÑÓ � Ñèñòåìà óïðàâëåíèÿ; ÊÄ � Êîíòðîëëåð äâèãàòåëÿ;
ØÄ � Øàãîâûé äâèãàòåëü; ÐÀ � Ðåãèñòðèðóþùàÿ àïïàðàòóðà

Ðèñ. 4. Îïòè÷åñêàÿ ñõåìà ëàçåðíîãî äåôîðìîãðàôà. 1 � He-Ne ëàçåð; 2 � Êîëëèìàòîð; 3
� Ñâåòîäåëèòåëüíàÿ ïëàñòèíà; 4 � Çåðêàëî íà ïüåçîêåðàìèêå; 5 � Çåðêàëî; 6 � Âõîäíîé
çðà÷îê; 7 � Çåðêàëî ñ ïåðèîäè÷åñêîé ñòðóêòóðîé; 8,9 � Ëèíçû; 10,11 �Ôîòîäèîäû; 12 �
Ñèñòåìà óïðàâëåíèÿ; 13 � Øàãîâûé äâèãàòåëü; 14 � Ðåãèñòðèðóþùàÿ àïïàðàòóðà; 15 �
Ãåíåðàòîð îïîðíîé ÷àñòîòû; 16 � Óñèëèòåëü.
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âõîä ñèíõðîííîãî äåòåêòîðà ÑÄ. Â êà÷åñòâå îïîðíîãî èñïîëüçóåòñÿ ñèãíàë ÃÎ×, èìåþùèé
ôîðìó ìåàíäðà, ÷àñòîòîé 23 êÃö è àìïëèòóäîé 5 Â. Ýòîò ñèãíàë ïîñëå óñèëåíèÿ íà ÓÌ
óïðàâëÿåò ïüåçîêåðàìèêîé ÏÊ íà çåðêàëå êîðîòêîãî ïëå÷à äëÿ ìîäóëÿöèè èíòåíñèâíîñòè
èíòåðôåðåíöèîííîé êàðòèíû, ïîïàäàþùåé íà çåðêàëî ñ ïåðèîäè÷åñêîé ñòðóêòóðîé. Ôàçî-
âðàùàòåëü ∆φ ñëóæèò äëÿ òî÷íîé ïîäñòðîéêè ôàçû îïîðíîãî ñèãíàëà â ïðåäåëàõ îò 0 äî
π, êîìïåíñèðóþùåé çàäåðæêó îïîðíîãî ñèãíàëà, âîçíèêàþùóþ íà èçìåðèòåëüíîì ïëå÷å.
Âûäåëåííûé íà ÑÄ è ñãëàæåííûé íà RC öåïî÷êå ïîëåçíûé àíàëîãîâûé ñèãíàë èäåò â ñè-
ñòåìó óïðàâëåíèÿ, ãäå ïðåîáðàçóåòñÿ â öèôðîâîé ñ ïîìîùüþ 16-ðàçðÿäíîãî ÀÖÏ. ×àñòîòà
äèñêðåòèçàöèè ÀÖÏ ñîñòàâëÿåò 46 êÃö. Öèôðîâûå äàííûå ïåðåäàþòñÿ íà ÝÂÌ ïî USB.

Èñïîëüçîâàíèå äèôôåðåíöèàëüíîé ñõåìû ðåãèñòðàöèè ñèãíàëà
Îïòè÷åñêàÿ ñõåìà äåôîðìîãðàôà ïðåäñòàâëåíà íà ðèñ. 4.
Ðàçðÿäíîñòü èñïîëüçóåìîãî ÀÖÏ ADS8517 � 16 áèò. Èçìåíåíèå àìïëèòóäû ñèãíàëà îò

ìèíèìóìà äî ìàêñèìóìà ñîîòâåòñòâóåò ñìåùåíèþ èíòåðôåðåíöèîííîé êàðòèíû íà îäíó
ïîëîñó âñëåäñòâèå èçìåíåíèÿ äëèíû áàçû äåôîðìîãðàôà íà âåëè÷èíó λ/2. Îäíîìó îòñ÷¼-
òó ÀÖÏ ñîîòâåòñòâóåò λ/2

65536
= 4.8 · 10−12ì. Ïðè îøèáêå êâàíòîâàíèÿ 1√

12
ÌÇÐ [2] ïîðîã

÷óâñòâèòåëüíîñòè ñèñòåìû ñ èñïîëüçóåìûì ÀÖÏ ñîñòàâëÿåò íå õóæå 10−12 ì.
Â íàñòîÿùåå âðåìÿ ïðîâîäÿòñÿ ýêñïåðèìåíòàëüíûå èññëåäîâàíèÿ ñèñòåìû ðåãèñòðàöèè

èíòåðôåðåíöèîííîãî ñèãíàëà è îòëàäî÷íûå ðàáîòû.
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Hardware-software system for the registration of surface rock
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Laser interferometer-deformographs are unique instruments, which are just a few and allow
monitoring of surface rock deformations with high accuracy of about tenths of a nanometer. The
main di�erence between these devices is the interference signal registration system. We o�er
a signal registration system, which has higher sensitivity and simple construction. A software
package for data acquisition and processing was also developed.
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